INTRODUCTION
Necrotic enteritis (NE) is a widespread disease in broilers caused by the ubiquitous bacteria Clostridium perfringens (Engström et al., 2003) ; this disease has become increasingly prevalent in the European union due to the removal of feed antibiotics (McDevitt et al., 2006) . Subclinical NE, imposing a significant economic burden on the poultry industry, was first described by Kaldhusdal and Hofshagen (1992) . In this form of NE, chronic intestinal mucosal damage leads to production losses due to poor digestion and absorption, reduced weight gain, and increased feed conversion ratio (FCR; Elwinger et al., 1992; Kaldhusdal et al., 2001; Jia et al., 2009; Józefiak et al., 2012) .
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bial fermentation and leading to increased numbers of anaerobic bacteria in the small intestine, particularly C. perfringens (Hübener et al., 2002) . The inclusion of xylanase to wheat-or rye-based diets for poultry has been established as a useful means to reduce the antinutritive effects of soluble NSP, especially arabinoxylans (Bedford, 2000) . Xylanase addition reduces digesta viscosity and increases the digesta passage rate (Hübener et al., 2002; Murphy et al., 2009; Esmaeilipour et al., 2012) , which impedes the flourishment of pathogens such as C. perfringens (Engberg et al., 2004; Choct et al., 2006) . Moreover, numerous studies have reported that supplementation of xylanase in wheat-or barley-based diets increases nutrient utilization or retention (García et al., 2008; Kalmendal and Tauson, 2012; Rodríguez et al., 2012) , elevates activities of chymotrypsin and lipase (Engberg et al., 2004) , and enhances glucose absorption by upregulation of sodium glucose cotransporter 1 mRNA expression (Wang et al., 2005) , thus improving the performance of broilers. These beneficial effects of xylanase may mitigate the intestinal functional impairment caused by C. perfringens infection. Liu et al. (2012) demonstrated that xylanase addition in the wheat-based diet alleviated the intestinal mucosal barrier impairment of broiler chickens challenged by C. perfringens. However, whether and how xylanase supplementation could improve the nutrient digestion and absorption in subclinical NE broilers fed a wheatbased diet is not clear. Therefore, we conducted this study to investigate the effects of xylanase addition on growth performance, nutrient digestibility, digestive enzyme activities, and mRNA expression of intestinal nutrient transporters in C. perfringens-infected birds fed a wheat-based diet.
MATERIALS AND METHODS

Experimental Design and Bird Management
All experimental procedures used were approved by the China Agricultural university Animal Care and use Committee. The chickens, diets, and treatments in the present study were the same as previously described by Liu et al. (2012) . Briefly, a total of 336 oneday-old male broiler chicks (Ross 308) were assigned to 4 treatments, each with 6 replicates of 14 birds housed in 2 cages per replicate. A 2 × 2 factorial randomized complete block design was employed to study the effects of xylanase addition (with or without xylanase at 5,500 u/kg of a wheat-based diet), pathogen infection (with or without C. perfringens challenge), and their interactions. The feeding period lasted 21 d. The chickens had free access to feed and water, were housed in wire cages, and maintained on a 23-h lighting program. Antibiotic-and coccidiostat-free wheat-based meal diets were formulated to meet or exceed NRC (1994) requirements. The xylanase was provided by Asiapac (Dongguan) Biotechnology Company (Guangdong, China), with activity at 22,000 u/g of product. Composition of the diet and nutrient levels are presented in Table 1 .
Clostridium perfringens Challenge
The model of C. perfringens challenge was the same as described in detail by Liu et al. (2012) , which was based on the model originally developed by Dahiya et al. (2005) with some modifications. Briefly, a chicken C. perfringens type A field strain was isolated from a clinical case of NE was obtained from the China Veterinary Culture Collection Center (Beijing, China). The organism was cultured anaerobically on tryptose-sulphite-cycloserine for 18 h at 37°C and then aseptically inoculated into cooked meat medium and incubated anaerobically overnight at 37°C. on d 14 to 20, the infected birds were orally gavaged once per day with this actively growing culture of C. perfringens type A (7.0 × 10 7 cfu/mL, 1.0 mL/bird) and the uninfected birds were gavaged with an equal amount of sterile cooked meat medium.
Growth Performance
Feed consumption and BW for each replicate were measured on d 14 and 21. Average daily gain, ADFI, and FCR were calculated during d 0~14 and 14~21.
Metabolism Trial
From d 18 to 21, the birds were fed diets containing 0.4% titanium dioxide (TiO 2 ) to determinate the AME and apparent ileal digestibility of DM and CP. To maximize food intake on d 21, the birds were fasted from 1600 h on d 20 until 0800 h on d 21 when the feeding regimen for that day recommenced. After fasting, the birds were weighed by replicate. Then, approximately 2 h remained from when the feed was made available to the birds to when the birds were euthanized (Rutherfurd et al., 2007) .
Sample Collection
At d 21, 2 birds per replicate (12 birds/treatment) were randomly selected and killed by intracardial administration of sodium pentobarbital (30 mg/kg of BW) and jugular exsanguination. The ileal section between the terminal ileum and Meckel's diverticulum was dissected out. Digesta were gently flushed out with distilled water. The samples from 2 birds within each replicate were mixed and then freeze-dried for chemical analysis. The pancreas and digesta (~2 g) of the duodenum (from gizzard outlet to the entry of the bile and pancreatic ducts) and jejunum (from the end of duodenum to Meckel's diverticulum) were sampled and stored at −20°C. The activities of α-amylase, trypsin, and chymotrypsin in the pancreas and digesta were evaluated. The midregion of duodenum, jejunum, and ileum (~10 cm) was carefully washed with ice-cold saline and stored at −20°C for the assay of brush border enzyme activity. Three sections of small intestine were sampled and frozen in liquid nitrogen for mRNA determination of nutrient transporters.
Chemical Analysis and Calculations
Gross energy was determined by bomb calorimetry using a Leco AC-350 Automatic Calorimeter (Leco Corporation, Saint Joseph, MI). The analysis for CP (Kjeldahl N × 6.25) was performed. The Tio 2 was determined based on the method of Short et al. (1996) , with some modifications. Briefly, samples were ashed before being digested in 7.4 mol/L of sulfuric acid. The mixture was then incubated with 30% H 2 o 2 and the absorbance was read at 410 nm. The AME values and apparent ileal digestibility of CP and DM was calculated based on the equations of Cowieson et al. (2003) .
Assay for Digestive Enzymes Activities in the Duodenum, Jejunum, and Pancreas
To prevent possible enzyme degradation, the samples were kept on ice throughout the preparation. Portions of intestinal digesta or pancreas (~1 g) were homogenized in 10 mL of ice-cold saline and centrifuged (20,000 × g, 10 min, 4°C). After appropriate dilution, the supernatant fractions were assayed for activities of α-amylase (EC 3.2.1.1) and trypsin (EC 3.4.21.4). Activity of chymotrypsin (EC 3.4.21.1) in the supernatant was determined without dilution.
The α-amylase activity was assayed according to the method developed by Bernfeld (1955) , in which the increase in reducing power of a buffered starch solution was measured with 3,5-dinitrosalicylic acid at 540 nm. The standard curve was generated from 0, 1, 2, 3, 4, and 5 μmol of maltose reacting with 3,5-dinitrosalicylic acid. one amylase activity unit was defined as the amount of enzyme needed to generate 100 μmol of maltose/min at 40°C and pH 6.9. Both trypsin and chymotrypsin activities were determined by the method of o 'Sullivan et al. (1992) , in which benzoyl-dlarginine-p-nitroanalide (Sigma-Aldrich, St. Louis, Mo) and n-glutaryl-l-phenylalanine-p-nitroanilide (SigmaAldrich) were used as substrates, respectively. The final concentration of the substrates was 1.25 mmol/L in 3.7 mmol/L of Tris-HCl buffer (pH 7.8), 6 mmol/L of CaCl 2 , and 25 mg/mL of dimethyl sulfoxide. The reactions proceeded at 40°C for 60 min and were stopped with 30% acetic acid. The product of p-nitrotoluene was measured at 410 nm. To prepare the standard curve, the optical density of 0, 0.05, 0.10, 0.15, 0.20, and 0.25 μmol of p-nitrotoluene was determined. one activity unit of trypsin or chymotrypsin was defined as the quantity of enzyme consumed to yield 0.1 μmol of p-nitrotoluene/min. The activities of digestive enzymes were expressed as units per gram of chymous or pancreatic protein. The protein content was determined by a Coomassie Brilliant Blue protein assay using bovine serum albumin as a standard (Bradford, 1976) .
Assay for Brush Border Enzymes Activities in the Small Intestinal Mucosa
The brush border membranes were isolated from duodenal, jejunal, and ileal portions of the gut following the method of Moreno et al. (1995) , with some modifications. Briefly, the mucosal fragment was homogenized in 2 mmol/L of Tris-HCl (pH 7.1) solution with 50 mmol/L of mannitol. Calcium chloride (10 mmol/L) was added and the samples were left for 20 min. After centrifugation at 3,000 × g for 15 min at 4°C, the supernatant was centrifuged at 20,000 × g for 30 min at 4°C. The pellet was then resuspended in 10 mmol/L of Tris-HCl (pH 7.1) solution containing 300 mmol/L of mannitol and used for the determination of enzyme activities.
Both sucrase (EC 3.2.1.48) and maltase (EC 3.2.1.20) were assayed by the method of Dahlqvist (1964) , using 0.056 mol/L of sucrose (Sigma-Aldrich) and maltose (Sigma-Aldrich) as substrates in 0.1 mol/L of sodium maleate buffer at pH 6.0. Aminopeptidase N (EC 3.4.11.2) was assayed by the method of Andria et al. (1980) , in which 3.6 mmol/L of l-alanyl-β-naphthylamine (Sigma-Aldrich) was used as substrate in phosphate buffer at pH 7.5. A unit of sucrose or maltase activity was the amount of enzyme used to hydrolyze 0.1 μmol/L of substrate/min. one unit of aminopeptidase N activity was the enzyme needed to yield 1.0 μmol/L of p-nitroaniline/min. All brush border enzymes activities were expressed as units per milligram of intestinal mucosal protein. The protein content was determined by the same method as described above.
RNA Isolation and Quantitative Real-Time PCR
Total RNA isolation was carried out by using Trizol reagent (Invitrogen Life Technologies, Carlsbad, CA) according to the manufacturer's instructions. The concentration and purity of total RNA was monitored by measuring its optical density at 260 and 280 nm. one microgram of total RNA was reverse transcribed by a reverse transcription kit (Invitrogen Life Technologies) according to the manufacturer's instructions. The quantitative real-time PCR assay was performed with the 7500 fluorescence detection system (Applied Biosystems, Foster City, CA) according to optimized PCR protocols using the SYBR-Green PCR kit (Applied Biosystems). The primer pairs for the amplification of sodium glucose cotransporter 1 (SGLT1), H + -dependent peptide transporter 1 (PepT1), liver fatty acidbinding protein (L-FABP), and β-actin cDNA fragments, which served as an endogenous reference gene, were used as listed in Table 2 . The PCR conditions were an initial denaturation step at 95°C for 10 min, 40 cycles at 95°C for 30 s, annealing and extension temperature at 60°C for 1 min, and a final extension step of 72°C for 10 min. To confirm amplification specificity, the PCR products from each primer pair were subjected to a melting curve analysis and subsequent agarose gel electrophoresis. Gene expression was quantified using the comparative threshold cycle method (Heid et al., 1996) and the data were expressed as the relative value to the unchallenged group.
Statistical Analysis
All the data were analyzed with SPSS Version 12.0 (SPSS Inc., Chicago, IL). For the growth performance from d 0 to 14, one-way ANoVA was used among the 4 treatments. From d 14 to 21, FCR was analyzed by 2-factor covariance analysis, using BW at 14 d of age as a covariate that was not significant in ADG and ADFI. The other data, including ADG and ADFI, were processed by 2-factorial ANoVA. Differences among individual treatment means were tested by Duncan's multiple comparison when a significant interaction between the main effects was observed. Data of apparent ileal digestibility of DM and CP were subjected to arc sine transformation before analysis. Results are given as the mean and pooled SEM. A significance level of 0.05 was used.
RESULTS
Growth Performance
Before challenge, xylanase supplementation significantly increased ADG and decreased FCR from 0 to 14 d of age compared with the unsupplemented groups (P < 0.05; Table 3 ). However, no significant differences were observed in growth performance between the tobe infected and uninfected birds supplemented with or without xylanase (P > 0.05). The C. perfringens challenge from 14 to 21 d of age tended to reduce ADG (P = 0.063; Table 4 ). During this period, C. perfringens infection significantly increased FCR, whereas xylanase supplementation decreased FCR (P < 0.05). Moreover, xylanase addition dramatically reduced the mortality of infected birds (data not shown).
AME and Apparent Ileal Nutrient Digestibility
The C. perfringens challenge significantly decreased AME values and apparent ileal digestibility of DM (P < 0.05; Table 5 ). The supplementation of exogenous enzyme significantly increased the AME (P < 0.05). Xylanase addition and C. perfringens challenge exerted an interactive effect on apparent ileal digestibility of CP (P < 0.05). The infected birds fed the control diet had the lowest digestibility of CP (P < 0.05) and no significant differences existed among the remaining 3 groups.
Activities of Digestive Enzymes in the Duodenum, Jejunum, and Pancreas
The activities of α-amylase and chymotrypsin in the duodenum were increased and the activity of trypsin in the pancreas was decreased by C. perfringens infection (P < 0.05; Table 6 ). Meanwhile, the addition of xylanase elevated chymotrypsin activity in the pancreas and reduced α-amylase and trypsin activities in the duodenum (P < 0.05). These 2 factors had an interactive effect on α-amylase activity in the jejunum and pancre- 
as. Compared with the control, pathogen infection or xylanase supplementation alone significantly decreased the activity of α-amylase in the jejunum (P < 0.05).
In the pancreas, the control had the lowest activity of α-amylase (P < 0.05) and no significant differences existed among the other 3 treatments.
Brush Border Enzymes Activities in the Small Intestine
The brush border enzymes activities are presented in the Table 7 . Clostridium perfringens challenge tended to reduce the maltase activity in the duodenal mucosa (P = 0.096) and aminopeptidase N in the jejunal mucosa (P = 0.065). A significant interaction was observed between xylanase addition and C. perfringens infection on jejunal sucrase activity (P < 0.05). Xylanase supplementation significantly increased the jejunal sucrase activity in unchallenged birds (P < 0.05) and also elevated it in the challenged birds without significance (P > 0.05). Xylanase addition tended to interact with C. perfringens infection on sucrase activity in the duodenum (P = 0.063) and aminopeptidase N activity in the ileum (P = 0.055), as the challenged birds without xylanase supplementation had the lowest activities of these 2 enzymes among all treatments (P > 0.05).
SGLT1, PepT1, and L-FABP mRNA Expression
The C. perfringens challenge significantly decreased the mRNA expression of SGLT1, PepT1, and L-FABP in the duodenum, but increased that of SGLT1 in the ileum (P < 0.05; Table 8 ). The duodenal mRNA expression of SGLT1 tended to be upregulated by the addition of xylanase (P = 0.085). Xylanase supplementation interacted with C. perfringens infection on mRNA expression of SGLT1, PepT1, and L-FABP in the jejunum, as well as PepT1 and L-FABP in the ileum (P < 0.05). Xylanase addition or challenge alone had lower transporters' mRNA expression than the control and both treated groups in the jejunum (P < 0.05). Among the 4 treatments, the infected birds supplemented with xylanase had the highest mRNA expression of PepT1 and L-FABP in the ileum (P < 0.05). 3 Negative means that birds were fed without xylanase addition for the xylanase group or birds were not infected in the challenge group. The meaning of positive was opposite to that of negative. 1 Data are means for 6 replicates of 2 chickens per group. Data of apparent ileal digestibility of DM and CP were subjected to arc sine transformed for analyses and SEM was from the untransformed data.
2 Negative means that birds were fed without xylanase addition for the xylanase group or birds were not infected in the challenge group. The meaning of positive was opposite to that of negative.
DISCUSSION
Results previously reported from this study (Liu et al., 2012) indicated that the infectious model was successful, as the chickens showed pronounced intestinal lesions, increased plasma endotoxin levels, and mucosal atrophy from C. perfrigens challenge. This could also be proven by the lower ADG and higher FCR of infected birds during the period of infection in the current experiment. This was in agreement with the results of Yitbarek et al. (2012) and Józefiak et al. (2012) , which suggested that the C. perfringens challenge decreased BW gain and impaired FCR throughout the experimental period despite different challenge models employed with minor distinctions.
Xylanase supplementation of the wheat-based diet improved FCR and AME utilization throughout the whole experimental period, irrespective of C. perfringens infection. These effects were mainly attributed to the degradation of soluble arabinoxylans, the major component of NSP in the wheat-based diet (Annison and Choct, 1991) , which led to a high viscosity of digesta and resulted in negative effects on the digestion, absorption, and microflora in the gastrointestinal tract of broilers (Choct et al., 1996) . Esmaeilipour et al. (2012) reported that xylanase supplementation in wheat-based diets improved the BW gain and FCR of broilers, which our research supported. Furthermore, it has been well demonstrated that the use of appropriate xylanase could not only decrease individual bird variation in the AME of low-ME wheat but also increase the AME value significantly (Choct et al., 1999 (Choct et al., , 2006 . Colonization of C. perfringens in the gastrointestinal tract of birds disrupted the tight junctions between epithelial cells, increased intestinal permeability and epithelial apoptosis (Liu et al., 2012) , and produced a strong inflammatory response (Van Immerseel et al., 2004) , which led to a severe damage of the intestinal epithelium. Consequently, it resulted in poor nutrient digestibility. our study confirmed that C. perfringens infection decreased AME utilization and apparent ileal digestibility of DM. Birds fed wheat-based diets with supplementation of a xylanase-based enzyme preparation had lower bacterial numbers, especially in the small intestine (Bedford and Apajalahti, 2000; Hübener et al., 2002) . As a result, xylanase supplementation reduced the competition for nutrient utilization from intestinal microflora and more nutrients were available for the birds. Conversely, the enzyme hydrolysis products, such as xylose and xylo-oligomers (Christov et al., 1997; Valenzuela et al., 2010) , played a prebiotic-like role and might facilitate the proliferation of specific beneficial bacteria, including Bifidobacterium and Lactobacillus (Bedford, 2000) . These probiotics indirectly suppressed proliferation of certain pathogenic species, including C. perfringens (Gibson and Roberfroid, 1995) ; however, direct evidence about these was unavailable. In summation, xylanase addition in wheat-based diets for broilers could potentially inhibit overgrowth of C. perfringens through direct or indirect ways, thus supporting a healthy bacterial environment in the gut. Moreover, xylanase supplementation increased the villus height or villus height-to-crypt depth ratio in the small intestine (Liu et al., 2007; Luo et al., 2009; Liu et al., 2012) , resulting in a larger surface for nutrient digestion and absorption. These factors facilitated the nutrient digestibility, demonstrated by the addition of xylanase, and improved the digestibility of CP in challenged birds. Consequently, xylanase supplementation reduced the mortality of infected chickens and improved birds' feed conversion efficiency regardless of infection.
Endogenous enzymes are critical for digestion of nutrients. Few articles about effects of xylanase-based enzymes supplementation on the intestinal and pancreatic digestive enzyme activities of broiler chickens has been published, let alone in combination with pathogen infection. The present study showed that the activities of α-amylase and chymotrypsin were increased by C. perfringens challenge and α-amylase and trypsin activities were decreased by xylanase supplementation in the duodenum. In the uninfected birds, jejunal α-amylase activity was reduced and pancreatic α-amylase activity was elevated by the addition of xylanase. How the C. perfringens infection induced the elevated activities of duodenal α-amylase and chymotrypsin was unknown and needed further investigation. Fan et al. (2009) found that β-glucanase and xylanase supplementation significantly decreased the activities of amylase in digesta from the proximal to the distal end of the duodenum in weaned piglets fed a barley-based diet. Furthermore, Inborr et al. (1993) reported that the addition of an exogenous enzyme complex containing β-glucanase, xylanase, and amylase to diets based on wheat and barley decreased the activity of amylase in the small intestine of early weaned pig. Likewise, they deduced that the observed effect resulted from the partial degradation of the arabinoxylan and the concomitant decrease in viscosity of the digesta. However, Luo et al. (2009) reported that digestive enzyme activities in the small intestine of broilers were not affected by the addition of xylanase in a wheat-based diet and Mirzaie et al. (2012) got the same results with laying hens. Also, Wen et al. (2012) found that dietary inclusion of an enzyme preparation including phytase, xylanase, cellulase, α-amylase, and acidic protease did not significantly affect amylase activity in the duodenum, jejunum, and pancreas. In agreement with the result of Engberg et al. (2004) , we observed that xylanase addition increased the activity of pancreatic chymotrypsin. Moreover, C. perfringens infection resulted in a reduction of pancreatic trypsin activity. These factors might contribute to the improvement in protein digestibility of challenged birds. Mosenthin et al. (1994) showed that trypsin and chymotrypsin activity depended on the dietary protein source, but, in the current study, the dietary protein source was the same in all 4 treatments. Therefore, the elevated secretion of chymotrypsin implied that the amount of protein available for digestion was increased due to the supplementation of NSP enzymes such as β-glucanase and xylanase (Jensen et al., 1996) . In the present study, pancreatic trypsin did not show the same change as chymotrypsin. This might be because chymotrypsin was more sensitive than trypsin to changes in the intake of dietary protein (Valette et al., 1992; Lhoste et al., 1993) .
Intestinal brush border enzymes are classified structurally and functionally as intrinsic and extrinsic to the membrane (Brasitus et al., 1979) . Disaccharidase and peptidase are extrinsic enzymes, which mainly participate in digestion and absorption of nutrients. An increase in activities of disaccharidase is related with an increase in capacity of disaccharides digestion and absorption in intestinal epithelium (Moreno et al., 1995) . Aminopeptidase N is a digestive enzyme that cleaves amino acids from the N-terminal end of peptides and is fairly specific for peptides with an N-terminal neutral or basic amino acid (Sanderink et al., 1988) . The C. perfringens challenge had the tendency to decrease the duodenal maltase and jejunal aminopeptidase N activities, indicating the lower ability of hydrolyzing the maltose and peptide. This mainly resulted from the mucosal atrophy due to C. perfringens infection (Liu et al., 2012) , which diminished the surface of brush border mounted on the top of villus. Xylanase addition tended to improve the digestion of duodenal sucrose and ileal peptide in the challenged birds by reducing the number of pathogens in the small intestine described above and regulating the intestinal development and morphology (Liu et al., 2012) . Conversely, xylanase supplementation decreased the viscosity of chyme that might prevent contact of bush border enzymes with their substrates by acting as a barrier and thickening the unstirred layer of mucosa (Wang et al., 1992) . Therefore, the endogenous enzymes were enabled to approach the substrate more easily, which then induced the secretion of brush border enzymes from the mucosa of intestine in a mode of feedback control and made endogenous digestive enzymes work more efficiently (Fan et al., 2009 ). This was also confirmed by the result in the current study that xylanase addition significantly increased the jejunal sucrase activity of unchallenged birds and slightly elevated it in challenged birds.
Nutrient transporters loaded in the brush border membrane of the small intestine are extremely important for nutrient absorption. The SGLT1 mediates the Na + -dependent uptake of glucose and galactose across the brush border membrance (Garriga et al., 2000) and is considered to be the primary mediator of glucose assimilation in the small intestine (Hediger and Rhoads, 1994) . The PepT1 is responsible for transporting di-and tripeptides into epithelial cells (Leibach and Ganapathy, 1996) . Fatty acid-binding protein belongs to a superfamily of lipid-binding proteins that exhibit a high affinity for long-chain fatty acids (ockner et al., 1972) and appears to function in metabolism and intracellular transportation of lipids. The chicken L-FABP gene is expressed only in liver and intestine tissues (Wang et al., 2006) . Thus far, little is little known about the effects of xylanase addition or C. perfringens challenge on the mRNA expression of nutrient transporters in the small intestine of broilers. The present study demonstrated that C. perfringens challenge decreased the mRNA expression of SGLT1, PepT1, and L-FABP in the duodenum, indicating the lower capacity of absorbing glucose, amino acids, and fatty acids in the upper segment of small intestine. Consistent with the results of Wang et al. (2005) , xylanase supplementation increased the duodenal glucose absorption by upregulating SGLT1 mRNA expression. In terms of those 3 transporters in the jejunum, as well as PepT1 and L-FABP in the ileum, xylanase addition elevated their mRNA expression in challenged birds to the same even higher level of the control. However, the mRNA expression of SGLT1 in the ileum was upregulated by C. perfringens infection. Hu et al. (2011) reported that an early challenge of lipopolysaccharide, a component that exists in the cell wall of gram-negative bacteria, increased the SGLT1 mRNA expression in the small intestine. Although C. perfringens is gram-positive, C. perfringens infection could cause the overgrowth of many gram-negative bacteria, particularly E. coli, in the ileum (McReynolds et al., 2004; Liu et al., 2010) . Conversely, Gal-Garber et al. (2000) reported that a higher expression of the SGLT1 was accompanied by lower affinity and activity of SGLT1 in starved chickens. Therefore, glucose absorption in the ileum was not definitely increased as the gene expression of SGLT1 was upregulated by C. perfringens infection.
In conclusion, xylanase supplementation of a wheatbased diet greatly improved the growth performance of unchallenged birds from 0 to 14 d of age and increased feed conversion efficiency and AME of broilers irrespective of C. perfringens challenge from d 14 to 21. Although xylanase addition did not significantly promoted the growth performance of C. perfringensinfected birds, the partly elevated nutrient digestibility, digestive enzyme activities, and intestinal nutrient transporters' mRNA expression were beneficial for nutrient digestion and absorption of subclinical NE birds. Xylanase addition into wheat-based diets for poultry production could be a potential way to control pathogen infection and reduce the economic loss.
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